Abstract. Superelasticity phenomena and Impact behaviour have been studied on Ti50Ni50 and Ti50Ni48Fe2 shape memory alloys. Both alloys have been made by powder metallurgy (combustion synthesis). The main objective of the present work was to induce superelastic properties for temperatures ranging from -25°C to O°C on a TiNi-based alloy by the addition of 2% Fe. It is well known that superelasticity properties are enhanced by the occurence of premartensitic R phase transition. On the other hand, Fe addition decreases the martensitic transformation temperature @Is) promoting the occurence of intermediate "premartensitic" R phase. For binary TiNi alloys, cold working and partial recovery heat treatment is necessary to obtain such as properties.
INTRODUCTION
TiNi based materials are the main Shape Memory Alloys (SMA) used for industrial applications due to their attractive thermomechanical properties. Especially, the superelastic properties of this type of SMA have been used for different type of applications. So, it is of technological importance to get a better understanding of the mechanical behaviour of TiNi based alloy showing superelasticity.
The present work is devoted to get some insight of the ductility/toughness characteristics of TiNi-SMA in the specific temperature range corresponding to the superelastic behaviour. Two alloys have been studied: the first one is an equiatomic TiNi alloy which is considered as a reference, the second one is a Ti50Ni48Fe2. It has been already observed that by substituting Fe for Ni in TiNi, one can decrease the Ms temperature more strongly than the "premartensitic" R phase start temperature (Rs) [I] [2] [3] [4] . On the other hand, it has been shown that by using cold-working and subsequent annealing in the range 350-500°C, one can obtain the same evolution (i.e. important detrease of Ms and occurence of R phase intermediate transformation) on binary TiNi SMA [5] [6] [7] . Moreover, it seems that the occurence of intermediate R phase transformation in TiNi SMA enhances superelastic properties [8] . So, in the present study, the addition of 2%Fe on a TiNi alloy has been made to promote superelastic properties in a lower temperature range (<O°C) than it is possible for a near equiatomic TiNi-SMA, by the occurence of R phase transformation without the need of cold-working and subsequent annealing. Another objective of the present work was to characterize the Charpy impact properties of the alloys. For this last point, very few data are available in the litterature [9] .
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MATERIAL
The both alloys have been produced by powder metallurgy, through an original combustion synthesis procedure [lo] . Then, the ingots were hot exkuded and homogenized at 900°C. The equiatomic TiNi alloy was cold-rolled (10%) and annealed 20min. at 450°C to promote the occurence of intermediate R phase transformation and so, to enhance superelastic properties as already discussed. The Ti50Ni48Fe2 alloy was just homogenized after hot extrusion. The chemical content of each alloy is shown on table 1. 
RESULTS AND DISCUSSION

Phase transformation temperatures
Typical phase transformation temperatures measured by Dilatometry and Differential Scanning Calorimetry (DSC) for the homogenized metallurgical state are presented in table 2. fig. 2) . The optical micrographs of figure 2 show that the grain size is quite heterogeneous with typical sizes ranging from 10 to lOOym and with a textured morphogology (as for precipitates, the grains are elongated in the hot extrusion direction).
Some complementary TEM examinations on thin foils have been made. Typical electron micrographs are shown on figure 3. These micrographs show that for Ti50Ni50 alloy, the matrix structure is biphased (that is : equiaxed grains of austenite and very fine laths of martensite) and that for TiS0N&Fe2 alloy, the matrix is pure austenite. On the other hand, TEM examinations have allowed to verify the cristallographic structure of precipitates which is consistent with a Ti4Ni20 type oxide [I 11 .
Superelastic and Charpy impact properties.
The superelastic properties have been estimated by specific tensile test using extensometry (to allow accurate measurements of the true relative strain) with typical samples (thickness = 4 mrn.) as shown on figure 4 . The tensile tests were conducted at different temperatures (with different samples for each temperature) and consisted of loadinglunloading with a progressive increase of monitored strain by steps of 0.5%. For each sample, the test was stopped when an irreversible strain is measured after unloading. The maximum reversible strain measured is plotted on figure 5 as a function of the temperature for the both alloys. One can notice that the best superelastic properties (2% of reversible strain) are obtained for a temperature just above the Rs#Af temperature. This trend confirms that the best superelastic properties are closely related to the occurence of R phase transformation under applied stress/strain. The best superelastic properties are obtained at temperatures ranging from 30°C up to 60°C for Tis0Ni50 (as already discussed, the binary alloy has been cold-worked and annealed) alloy, and at temperatures ranging from -25OC up to O°C for TiSONi4*Fe2 alloy.
These results show that it is possible to obtain superelastic properties at temperatures below O°C on SMA of TiNiFe type, without cold-working and the subsequent annealing at 350-500°C as it is necessary for binary TiNi alloy.
Charpy impact test were conducted for temperatures ranging from -196OC up to +50°C on samples of 55mm length, lOmm width and 2.5mm in thickness. Figure 6 summarizes the impact energy curves obtained on both alloys as a function of the test temperature. One can notice an unexpected trend, showing a high brittle behaviour at +50°C for equiatomic TiNi and at -25OC for TiNiFe alloy. Some complementary fractograph examinations have confirmed a non-ductile fracture mode (quasi-cleavage mode?) for the samples failed in this temperature range. For other temperatures, a fully ductile fracture area is oberved.
It is quite surprising that these temperatures correspond to the higher superelastic response of the both alloys as observed earlier. So, these results seem to indicate that the occurence (under stress) of "RR" phase promotes a high brittleness. This is of technological importance since optimization of superelastic properties might be detrimental to ductility/toughness of TiNi-SMA. 
